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An energy storage device includes a ?rst conductor having a 
?rst surface and a second surface. The energy storage device 
also includes a second conductor and a separator assembly 
that encloses the ?rst conductor and that is disposed between 
the ?rst and second conductors. The separator assembly also 
includes a ?rst portion that covers the ?rst surface and a 
second portion that covers the second surface. The ?rst and 
second portions are attached to one another, and at least one of 
the ?rst and second portions includes a ?rst sheet and a second 
sheet that are attached to one another. The ?rst sheet includes 
a ?rst material, and the second sheet includes a second mate 
rial that is different from the ?rst material. 
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METHOD FOR JOINING DISSIMILAR 
SEPARATOR MATERIALS 

FIELD 

[0001] The present disclosure relates to a separator for an 
energy storage device and, in particular, a method for joining 
dissimilar separator materials. 

INTRODUCTION 

[0002] Certain medical systems are designed to be 
implanted Within a patient’s body, such as implantable pulse 
generators (IPGs) and implantable cardioverter de?brillators 
(IPDs). In some cases, these implantable systems include an 
energy storage device, such as a capacitor or a battery, for 
poWering certain components. 
[0003] For instance, a capacitor can include an anode, a 
cathode, a separator and a dielectric member that are disposed 
betWeen the anode and cathode, an electrolyte, and a case for 
enclosing the anode, cathode, separator, dielectric, and elec 
trolyte. These components can be adapted for providing 
poWer at a high ef?ciency for a relatively long operating life. 
Also, the components can be arranged compactly Within the 
housing, such that the device can be readily implanted Within 
a patient. 
[0004] The separator, in particular, can be an important 
component of these systems. The separator can include a 
sheet of material that is Wrapped around the anode to be 
disposed betWeen the anode and the cathode. The sheet is 
typically made out of a single material. The separator can 
physically separate the anode and provide cushioned support 
of the anode to reduce the likelihood of damage due to exces 
sive vibration or other mechanical forces. Also, the separator 
can provide a thermal barrier betWeen the anode and cathode 
and can take up physical space Within the housing to keep the 
anode in position relative to the cathode such that the capaci 
tor operates according to desired speci?cations. 
[0005] The present teachings provide a method of manu 
facturing a separator in a convenient and time ef?cient man 
ner. The separator of the present teachings provides an effec 
tive thermal and mechanical barrier betWeen the anode and 
the cathode such that the energy storage device can operate 
properly over a relatively long operating life. 

SUMMARY 

[0006] This section provides a general summary of the 
disclosure, and is not a comprehensive disclosure of its full 
scope or all of its features. 
[0007] Various embodiments of an energy storage device 
according to the present teachings are disclosed. The energy 
storage device includes a ?rst conductor having a ?rst surface 
and a second surface. The energy storage device also includes 
a second conductor and a separator assembly that encloses the 
?rst conductor and that is disposed betWeen the ?rst and 
second conductors. The separator assembly also includes a 
?rst portion that covers the ?rst surface and a second portion 
that covers the second surface. The ?rst and second portions 
are attached to one another, and at least one of the ?rst and 
second portions includes a ?rst sheet and a second sheet that 
are attached to one another. The ?rst sheet includes a ?rst 
material, and the second sheet includes a second material that 
is different from the ?rst material. 
[0008] The present teachings also provide a method of 
manufacturing an energy storage device. The method 
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includes covering a ?rst surface of a ?rst conductor With a ?rst 
portion of a separator assembly. The method also includes 
covering a second surface of the ?rst conductor With a second 
portion of the separator assembly. Furthermore, the method 
includes attaching the ?rst and second portions together. At 
least one of the ?rst and second portions includes a ?rst sheet 
and a second sheet. The ?rst and second sheets include dif 
ferent materials. The method additionally includes attaching 
the ?rst and second sheets together. 
[0009] In various embodiments, the present teachings fur 
ther provide a capacitor that includes a case, an anode dis 
posed Within the case, and a cathode disposedWithin the case. 
The cathode has a ?rst cathode component and a second 
cathode component. Furthermore, the capacitor includes a 
separator assembly that substantially encloses the anode, and 
the separator assembly is disposed betWeen the anode and the 
?rst and second cathode components. The separator assembly 
includes a ?rst portion that covers a ?rst surface of the anode 
and a second portion that covers the second surface of the 
anode. The ?rst and second portions each include a ?ange, 
and the ?anges extend over each other and are attached to 
each other. The ?rst and second portions each include a ?rst 
sheet With a random and a regular layer. The ?rst and second 
portions also each include a porous sheet that is layered over 
the respective ?rst sheet. The random layer has a plurality of 
?bers that are arranged in random manner, and the regular 
layer has a plurality of ?bers that are arranged in a substan 
tially regular manner. The porous sheet includes a plurality of 
pores. Furthermore, the random layer of each of the ?rst and 
second portions abut the anode, and the regular layer of each 
of the ?rst and second portions are disposed betWeen the 
respective random layer and the respective porous sheet. The 
random layers are ?oWed into and solidi?ed in the pores of the 
?rst portion and in the pores of the second portion. 
[0010] Further areas of applicability Will become apparent 
from the description provided herein. The description and 
speci?c examples in this summary are intended for purposes 
of illustration only and are not intended to limit the scope of 
the present disclosure. 

DRAWINGS 

[0011] The draWings described herein are for illustrative 
purposes only of selected exemplary embodiments and not all 
possible implementations, and are not intended to limit the 
scope of the present disclosure. 
[0012] FIG. 1 is an exploded perspective vieW of an energy 
storage device according to various exemplary embodiments 
of the present disclosure; 
[0013] FIG. 2 is an exploded perspective vieW of certain 
components of the energy storage device of FIG. 1; 
[0014] FIG. 3 is a perspective vieW of the components of 
FIG. 2 in an assembled state; 
[0015] FIG. 4 is a schematic illustration of a manufacturing 
apparatus for manufacturing the energy storage device of 
FIG. 1; 
[0016] FIG. 5 is a sectional vieW of the manufacturing 
apparatus of FIG. 4 shoWn in an initial manufacturing step; 
[0017] FIG. 6 is a sectional vieW of the manufacturing 
apparatus of FIG. 4 shoWn in an subsequent manufacturing 
step; 
[0018] FIG. 7 is a top vieW ofa regular layer ofa ?rst sheet 
of the energy storage device of FIG. 1; 
[0019] FIG. 8 is a top vieW of a random layer of the ?rst 
sheet of the energy storage device of FIG. 1; and 



US 2011/0026188 A1 

[0020] FIG. 9 is a top vieW of a second sheet of the energy 
storage device of FIG. 1. 
[0021] Corresponding reference numerals indicate corre 
sponding parts throughout the several vieWs of the draWings. 

DETAILED DESCRIPTION 

[0022] Exemplary embodiments Will noW be described 
more fully With reference to the accompanying draWings. 
[0023] Referring initially to FIG. 1, an energy storage 
device 10 is illustrated. The energy storage device 10 can be 
of any suitable type, such as a capacitor, battery, and the like. 
Furthermore, the energy storage device 10 can be used for 
poWering any suitable device, such as an implantable cardiac 
device (e.g., pacemaker, de?brillator, etc.). 
[0024] As shoWn, the energy storage device 10 can include 
a ?rst case component 12. The ?rst case component 12 can 
include a D-shaped plate 14 With an integrally attached case 
Wall and Weld ?ange 16 that extends in one direction from the 
periphery of the plate 14. The energy storage device 10 can 
also include a second case component 18. The second case 
component 18 can be D-shaped and relatively thin and ?at. 
The case Wall and Weld ?ange 16 of the ?rst case component 
12 can be ?xed to the periphery of the second case component 
18, for instance, by a continuous Weld. As such, the ?rst and 
second case components 12, 18 (collectively, the case of the 
energy storage device 10) can cooperate to enclose various 
components of the energy storage device 10 as Will be 
described in greater detail beloW. 
[0025] The energy storage device 10 can also include a ?rst 
cathode component 20. The ?rst cathode component 20 can 
be coated on the plate 14 of the ?rst case component 12 on the 
same side as the ?ange 16. Likewise, the energy storage 
device 10 can include a second cathode component 22, Which 
can be coated on the second case component 18 facing the 
?rst case component 12. It Will be appreciated that the ?rst 
and second cathode components 20, 22 can collectively oper 
ate as a cathode for the energy storage device 10 as Will be 
discussed in greater detail beloW. 
[0026] Moreover, the energy storage device 10 can include 
a cathode lead 24. The cathode lead 24 can extend through the 
?ange 16 of the ?rst case component 12 to the outside of the 
device 10. Furthermore, the cathode lead 24 can be electri 
cally connected to the ?rst and second cathode components 
20, 22. As such, the ?rst and second cathode components 20, 
22 can be electrically connected to external components (not 
shoWn) via the cathode lead 24. 
[0027] Additionally, the energy storage device 10 can 
include an anode 26. The anode 26 can be generally ?at and 
D-shaped to include a ?rst surface 30, a second surface 32, 
and an anode periphery 34. As shoWn in FIG. 1, the anode 26 
can be enclosed by the ?rst and second case components 12, 
18, and the anode 26 can be surrounded on either side by the 
?rst and second cathode components 20, 22. The energy 
storage device 10 can also include an anode lead 28 that 
extends through the ?ange 16 of the ?rst case component 12 
to the outside. The anode lead 28 can also be electrically 
connected to the anode 26. 
[0028] It Will be appreciated that the anode 26 and the 
cathode components 20, 22 can be made out of any suitable 
materials. For instance, in some embodiments, the anode 26 is 
made out of a valve metal, such as titanium, tantalum, Zirco 
nium, aluminum, hafnium, niobium, tungsten, yttrium, 
molybdenum and vanadium. Also, the ?rst and second cath 
ode components 20, 22 can be made out of any high capaci 
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tance material (e. g., carbon, ruthenium dioxide, or other suit 
able material knoWn by one skilled in the art). Furthermore, 
the ?rst and second case components 12, 18 can be made out 
of any suitable material, such as titanium. The device 10 can 
include any components or materials included in US. Pat. 
Nos. 7,224,576, 7,459,369, 7,499,260, or 5,469,325, each of 
Which is incorporated herein by reference in its entirety. 
[0029] The energy storage device 10 can also include one or 
more dielectric members (not shoWn) and an electrolyte (not 
shoWn) betWeen the anode 26 and the cathode components 
20, 22 such that the anode 26 and cathode components 20, 22 
can store energy, for instance, in a manner similar to a capaci 
tor. As such, the anode 26 and cathode components 20, 22 can 
be separated by the dielectric member(s), and a voltage poten 
tial difference can build up betWeen the anode 26 and the 
cathode components 20, 22 to generate an electrical ?eld in 
the dielectric member(s). When desired, the anode 26 and 
cathode components 20, 22 can buildup charge and discharge 
via the leads 24, 28. The leads 24, 28 can be electrically 
connected to external components, such as a control assembly 
of an implantable cardiac device, in order to provide poWer 
thereto and in order to provide a cardiac signal to cardiac 
tissue. 
[0030] It Will be appreciated that the anode 26 can be con 
sidered a ?rst conductor (i.e., ?rst electrode) of the energy 
storage device 10, and the cathode components 20, 22 can be 
collectively considered a second conductor (i.e., a second 
electrode), and vice versa. It Will also be appreciated that the 
anode 26 and cathode components 20, 22 can be reversed in 
position. For instance, the energy storage device 10 could 
include a single cathode surrounded by a plurality of anode 
components. Furthermore, it Will be appreciated that the 
energy storage device 10 can include a single anode 26 and a 
single cathode component 20, 22 Without departing from the 
scope of the present disclosure. Additionally, it Will be appre 
ciated that the anode 26 and the cathode components 20, 22 
can have any suitable shape Without departing from the scope 
of the present disclosure. 
[0031] As shoWn in FIGS. 1-3, the energy storage device 10 
can further include a separator assembly 36. As Will be dis 
cussed, the separator assembly 36 can cover and substantially 
enclose the anode 26 such that the separator assembly 36 is 
disposed betWeen the anode 26 and the cathode components 
20, 22. HoWever, it Will be appreciated that the separator 
assembly 36 could be con?gured so as to cover and substan 
tially enclose one of cathode components 20, 22 Without 
departing from the scope of the present disclosure. 
[0032] The separator assembly 36 can include a ?rst por 
tion 38. The ?rst portion 38 can be a multi-layered sheet of 
material that includes a D-shaped main body 40 and a ?ange 
42 that extends from one side of the main body 40. The 
separator assembly 36 can also include a second portion 44. 
The second portion 44 can also be a multi-layered sheet that 
includes a D-shaped main body 46 and a ?ange 48 that 
extends from one side of the periphery of the main body 46. 
[0033] As shoWn in FIGS. 1-3, the main body 40 ofthe ?rst 
portion 38 can substantially cover the ?rst surface 30 of the 
anode 26, and the main body 46 of the second portion 44 can 
substantially cover the second surface 32 of the anode 26. 
Also, the ?anges 42, 48 can extend over to substantially cover 
the periphery 34 of the anode 26. Speci?cally, the ?ange 42 of 
the ?rst portion 38 can extend over and at least partially cover 
the periphery 34, and the ?ange 48 of the second portion 44 
can extend over and at least partially cover the periphery 34 as 
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well. The ?anges 42, 48 can layer over each other and abut 
each other to cover the periphery 34 as shown in FIG. 3. 
Furthermore, the ?anges 42, 48 can be attached to each other 
so as to de?ne a seam 49 of the separator assembly 36. 

[0034] Accordingly, the separator assembly 36 can enclose 
the anode 26. As such, the separator assembly 36 can protect 
the anode 26 against damage due to vibration and other loads. 
Also, the separator assembly 36 can act as a thermal barrier to 
thus ensure proper operation of the anode 26. 

[0035] As stated above, the ?rst and second portions 38, 44 
of the separator assembly 36 can each include a plurality of 
sheets of material. For instance, as shown in FIG. 5, the ?rst 
and second portions 38, 44 of the separator assembly 36 can 
each include respective ?rst sheets 50a, 50b, and respective 
second sheets 52a, 52b. The ?rst sheets 50a, 50b, can be made 
from a different type of material than the second sheets 52a, 
52b. For instance, the ?rst sheets 50a, 50b can each include a 
polypropylene material, and the second sheets 52a, 52b can 
each include polytetra?uoroethylene (PTFE). More speci? 
cally, in some embodiments, the second sheets 52a, 52b can 
include expanded PTFE (ePTFE). Moreover, the second 
sheets 52a, 52b can be a porous sheet of material with a 
plurality of pores 58 as shown in FIG. 9. It will be appreciated, 
however, that the ?rst and second sheets 50a, 50b, 52a, 52b 
can include any suitable material without departing from the 
scope of the present disclosure. 
[0036] Each of the ?rst sheets 50a, 50b can be attached to 
the respective second sheet 52a, 52b in any suitable fashion. 
For instance, as shown in FIG. 6, the ?rst and second sheets 
50a, 52a of the ?rst portion 38 canbe ?xed along the ?ange 42 
of the ?rst portion 38, and the ?rst and second sheets 50b, 52b 
of the secondportion 44 canbe ?xed along the ?ange 48 of the 
second portion 44. Also, the ?rst and second sheets 50a, 52a 
of the ?rst portion 38 can be free from each other (i.e., unat 
tached) at areas spaced away from the ?ange 42 (i.e., at main 
body 40 of the ?rst portion 38). Likewise, the ?rst and second 
sheets 50b, 52b of the second portion 44 can be similarly free 
from each other in areas spaced away from the ?ange 48 (i.e., 
at the main body 46 of the second portion 44). 
[0037] When covering the anode 26, the ?rst sheets 50a, 
50b can abut the anode 26 as shown in FIG. 6. Also, the 
respective second sheets 52a, 52b can be spaced from the 
anode 26 and can face the cathode components 20, 22. 

[0038] Additionally, the ?rst sheets 50a, 50b can each 
include a plurality of layers, including a respective ?rst layer 
54a, 54b and a respective second layer 56a, 56b (FIG. 6). 
Each of the ?rst layers 54a, 54b can be layered over and 
integrally coupled to the respective second layer 56a, 56b so 
as to be monolithic. The ?rst and second layers 54a, 54b, 56a, 
56b can be made out of any suitable material. For instance, in 
some embodiments, the ?rst layers 54a, 54b can include a 
random layer of polypropylene, and the second layers 56a, 
56b can each include a regular layer of polypropylene. More 
speci?cally, the ?rst layers 54a, 54b can each have a plurality 
of ?bers 55 (FIG. 8) that are arranged in a substantially 
random manner. Also, the second layers 56a, 56b can each 
include a plurality of ?bers 57 (FIG. 7) that are arranged in a 
substantially regular pattern (e.g., a crisscross pattern), or the 
second layers 56a, 56b can each include an expanded material 
providing substantially regular porosity and mechanical sta 
bility. Also, the ?bers 57 can be slightly spaced such that the 
second layers 56a, 56b are relatively porous. Moreover, in 
some embodiments, the ?rst sheets 50a, 50b can be formed 

Feb. 3, 2011 

from a commercially available material, such as CEL 
GARDTM 5550, available from Celgard LLC of Charlotte, 
NC. 
[0039] Thus, as shown in FIG. 6, the ?rst and second sheets 
50a, 50b, 52a, 52b can be layered over each other such that 
the ?rst layers 54a, 54b are directly adjacent and abut the 
anode 26. Also, the second layers 56a, 56b can be disposed 
between the respective ?rst layer 54a, 54b and the respective 
second sheet 52a, 52b. As such, the ?rst sheet 5011 of the ?rst 
portion 38 can be layered directly over (i.e., abut) both the 
second sheet 5211 of the ?rst portion 38 and the ?rst sheet 50b 
of the second portion 44 adjacent the seam 49. 
[0040] Accordingly, the regular pattern of the ?bers of the 
57 of the second layers 56a, 56b can provide a good surface 
for forming the respective ?rst layer 54a, 54b. Also, because 
of the random arrangement of the ?bers 55 of the ?rst layers 
54a, 54b, the ?rst layers 54a, 54b can provide substantial 
cushioning of the anode 26. Also, the material of the second 
sheets 52a, 52b can provide advantageous thermal character 
istics (e. g., during assembly), thus maintaining proper opera 
tion of the anode 26 and the second layer 50a, 50b. 
[0041] Referring now to FIGS. 4, 5, and 6, a method of 
manufacturing the energy storage device 10 is illustrated 
according to various embodiments of the present disclosure. 
As shown in FIG. 4, bulk materials for manufacture of the ?rst 
and second sheets 50a, 50b, 52a, 52b can be included on 
separate, respective rolls 60, 62, 64, 66. More speci?cally, a 
?rst roll 60 can include bulk material for the ?rst sheet 50a of 
the ?rst portion 38 of the separator assembly 36. A second roll 
62 can include bulk material for the second sheet 5211 of the 
?rst portion 38. Moreover, a third roll 64 can include bulk 
material for the ?rst sheet 50b of the second portion 44. 
Likewise, a fourth roll 66 can include bulk materials for the 
second sheet 52b of the second portion 44. 
[0042] Each ofthe rolls 60, 62, 64, 66 can unroll to advance 
the respective materials toward a press 68. The press 68 can 
include a ?rst die 70 and a second die 72. The materials of the 
second and fourth rolls 62, 66 can be disposed immediately 
adjacent the ?rst and second dies 70, 72, respectively. Also, 
the materials of the ?rst and third rolls 60, 64 can be disposed 
between the materials of the second and fourth rolls 62, 66. 
The press 68 can actuate the ?rst and/or second die 70, 72 
relative to each other (i.e., toward and away from each other). 
Moreover, an actuator 74 can be included for automatically 
placing the anode 26 between the dies 70, 72. 
[0043] Thus, the rolls 60, 62, 64, 66 can advance the mate 
rials of the ?rst and second portions 38, 44 between the dies 
70, 72. Then, the actuator 74 can selectively place the anode 
26 between the materials of the ?rst and third rolls 60, 64. 
Next, as shown in FIG. 5, the press 68 can actuate the ?rst and 
second dies 70, 72 toward each other. Relative movement of 
the dies 70, 72 can cause the ?anges 42, 48 of the ?rst and 
second portions 38, 44 to extend over each other and the 
periphery 34 of the anode 26. 
[0044] Then, as shown in FIG. 6, heat can be applied to a 
localiZed area of the dies 70, 72 by a heater 75. For instance, 
the heater 75 can apply heat to heat the ?anges 42, 48 of the 
?rst and second portions 38, 44. 
[0045] The pressure from the molds 70, 72 and the heat 
from the heater 75 can cause the ?rst and second portions 38, 
44 to melt into each other for attachment. More speci?cally, it 
will be appreciated that the melting point of the ?rst sheets 
50a, 50b can be lower than that of the second sheets 52a, 52b. 
For instance, the ?rst sheets 50a, 50b can have a melting point 
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of approximately 165° C., and the second sheets 52a, 52b can 
have a melting point of approximately 327° C. As such, the 
heater 75 can apply an elevated temperature betWeen 165° C. 
and 327° C. to cause the ?rst sheet 5011 of the ?rst portion 38 
to melt and How into the pores 58 (FIG. 9) of the second sheet 
52a of the ?rst portion 38. Likewise, heat from the heater 75 
can cause the ?rst sheet 50b of the second portion 44 to melt 
and How into the pores 58 of the second sheet 52b of the 
second portion 44. Upon cooling and solidifying, the ?rst and 
second sheets 50a, 52a of the ?rst portion 38 can be ?xedly 
attached, and the ?rst and second sheets 50b, 52b of the 
second portion 44 can be ?xedly attached. 
[0046] Moreover, pressure from the molds 70, 72 and heat 
from the heater 75 can substantially simultaneously attach the 
?anges 42, 48 of the ?rst and second portions 38, 44 in a 
similar manner. More speci?cally, the ?rst sheets 50a, 50b 
can melt into the pores 58 of the second sheets 52a, 52b, and 
upon cooling and solidifying, the ?rst and second portions 38, 
44 can be ?xedly attached. 
[0047] It Will also be appreciated that the attachment of the 
?rst and second portions 38, 44 can occur substantially simul 
taneously With the attachment of the respective ?rst and sec 
ond sheets 50a, 50b, 52a, 52b. Accordingly, manufacturing 
can occur in a substantially ef?cient manner. 

[0048] The ?rst and second die 70, 72 can also be con?g 
ured to cut the ?rst and second portions 38, 44 from the bulk 
material of the respective rolls 60, 62, 64, 66. For instance, the 
die 70, 72 can include respective shearing features. Also, the 
heat applied from the heater 75 can melt the materials aWay 
from the bulk materials of the rolls 60, 62, 64, 66 in some 
embodiments. In still other embodiments, a separate cutter 
(not shoWn) can be used to cut the portions 38, 44 from the 
bulk material of the respective rolls 60, 62, 64, 66. 
[0049] Once the separator assembly 36 is formed around 
the anode 26, further assembly of the energy storage device 
10 can occur. For instance, the anode 26 and separator assem 
bly 36 can be provided betWeen the cathode components 20, 
22 (FIG. 1) and other components of the device 10. Then, the 
?rst and second case components 12, 18 via a Welding pro 
cess, and the device 10 canbe ?lled With electrolyte. Then, the 
device 10 can be provided in any suitable system for storing 
energy and providing poWer by creating a potential difference 
betWeen the anode 26 and cathode components 20, 22 to 
generate an electrical ?eld in the dielectric member(s) (not 
shoWn). When desired, the anode 26 and cathode components 
20, 22 can build up charge and discharge via the leads 24, 28. 
Then, the leads 24, 28 can supply poWer to external compo 
nents at predetermined intervals. 
[0050] The foregoing description of the exemplary 
embodiments has been provided for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention. Individual elements or features of a particular 
exemplary embodiment are generally not limited to that par 
ticular exemplary embodiment, but, Where applicable, are 
interchangeable and can be used in a selected exemplary 
embodiment, even if not speci?cally shoWn or described. The 
same may also be varied in many Ways. Such variations are 
not to be regarded as a departure from the invention, and all 
such modi?cations are intended to be included Within the 
scope of the invention. 
[0051] Exemplary embodiments are provided so that this 
disclosure Will be thorough, and Will fully convey the scope to 
those Who are skilled in the art. Numerous speci?c details are 
set forth such as examples of speci?c components, devices, 
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and methods, to provide a thorough understanding of exem 
plary embodiments of the present disclosure. It Will be appar 
ent to those skilled in the art that speci?c details need not be 
employed, that exemplary embodiments may be embodied in 
many different forms and that neither should be construed to 
limit the scope of the disclosure. In some exemplary embodi 
ments, Well-knoWn processes, Well-knoWn device structures, 
and Well-knoWn technologies are not described in detail. 

[0052] The terminology used herein is for the purpose of 
describing particular exemplary embodiments only and is not 
intended to be limiting. As used herein, the singular forms 
“a”, “an” and “the” may be intended to include the plural 
forms as Well, unless the context clearly indicates otherWise. 
The terms “comprises,” “comprising,” “including,” and “hav 
ing,” are inclusive and therefore specify the presence of stated 
features, integers, steps, operations, elements, and/ or compo 
nents, but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, elements, 
components, and/or groups thereof. The method steps, pro 
cesses, and operations described herein are not to be con 
strued as necessarily requiring their performance in the par 
ticular order discussed or illustrated, unless speci?cally 
identi?ed as an order of performance. It is also to be under 
stood that additional or alternative steps may be employed. 
[0053] When an element or layer is referred to as being 
“on”, “engaged to”, “connected to” or “coupled to” another 
element or layer, it may be directly on, engaged, connected or 
coupled to the other element or layer, or intervening elements 
or layers may be present. In contrast, When an element is 
referred to as being “directly on,” “directly engaged to”, 
“directly connected to” or “directly coupled to” another ele 
ment or layer, there may be no intervening elements or layers 
present. Other Words used to describe the relationship 
betWeen elements should be interpreted in a like fashion (e. g., 
“betWeen” versus “directly betWeen,” “adjacent” versus 
“directly adjacent,” etc.). As used herein, the term “and/or” 
includes any and all combinations of one or more of the 
associated listed items. 

[0054] Although the terms ?rst, second, third, etc. may be 
used herein to describe various elements, components, 
regions, layers and/or sections, these elements, components, 
regions, layers and/or sections should not be limited by these 
terms. These terms may be only used to distinguish one ele 
ment, component, region, layer or section from another 
region, layer or section. Terms such as “?rst,” “second,” and 
other numerical terms When used herein do not imply a 
sequence or order unless clearly indicated by the context. 
Thus, a ?rst element, component, region, layer or section 
discussed beloW could be termed a second element, compo 
nent, region, layer or section Without departing from the 
teachings of the exemplary embodiments. 
[0055] Spatially relative terms, such as “inner, outer,” 
“beneath”, “beloW”, “loWer”, “above”, “upper” and the like, 
may be used herein for ease of description to describe one 
element or feature’s relationship to another element(s) or 
feature(s) as illustrated in the ?gures. Spatially relative terms 
may be intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the ?gures. For example, if the device in the 
?gures is turned over, elements described as “beloW” or 
“beneath” other elements or features Would then be oriented 
“above” the other elements or features. Thus, the example 
term “beloW” can encompass both an orientation of above and 
beloW. The device may be otherWise oriented (rotated 90 
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degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 

What is claimed is: 

1. An energy storage device comprising: 
a ?rst conductor having a ?rst surface and a second surface; 

a second conductor; and 
a separator assembly enclosing the ?rst conductor, the 

separator assembly disposed betWeen the ?rst and sec 
ond conductors, the separator assembly including a ?rst 
portion that covers the ?rst surface and a second portion 
that covers the second surface, the ?rst and second por 
tions being attached to one another, at least one of the 
?rst and second portions including a ?rst sheet and a 
second sheet attached to one another, the ?rst sheet 
including a ?rst material and the second sheet including 
a second material that is different than the ?rst material. 

2. The energy storage device of claim 1, Wherein the second 
sheet includes a plurality of pores, Wherein the ?rst sheet has 
a melting point that is loWer than a melting point of the second 
sheet, and Wherein the ?rst sheet has ?oWed into and solidi 
?ed in the pores of the second sheet. 

3. The energy storage device of claim 1, Wherein the ?rst 
sheet includes polypropylene and the second sheet includes 
polytetra?uoroethylene (PTFE). 

4. The energy storage device of claim 1, Wherein the ?rst 
sheet includes a regular layer having a plurality of ?bers 
arranged in a substantially regular pattern, the ?rst sheet 
further including a random layer having a plurality of ?bers 
that are arranged in a random manner. 

5. The energy storage device of claim 4, Wherein the ran 
dom layer is disposed betWeen the regular layer and the ?rst 
conductor. 

6. The energy storage device of claim 5, Wherein the ran 
dom layer abuts the ?rst conductor, and Wherein the regular 
layer is disposed betWeen the random layer and the second 
sheet. 

7. The energy storage device of claim 1, Wherein the ?rst 
portion and the second portion of the separator assembly each 
include the ?rst sheet and the second sheet. 

8. The energy storage device of claim 1, Wherein the ?rst 
portion and the second portion are partially layered over each 
other and attached at a seam. 

9. The energy storage device of claim 8, Wherein the ?rst 
portion and the second portion of the separator assembly each 
include the ?rst sheet and the second sheet, the ?rst sheet of 
the second portion layered directly on the second sheet of the 
second portion and the ?rst sheet of the ?rst portion. 

10. The energy storage device of claim 1, Wherein a periph 
ery of the ?rst sheet is attached to a periphery of the second 
sheet, and Wherein the ?rst and second sheets are free from 
each other an area spaced apart from the respective peripher 
1es. 

11. The energy storage device of claim 1, Wherein the ?rst 
conductor is an anode of a capacitor. 

12. A method of manufacturing an energy storage device 
comprising: 

covering a ?rst surface of a ?rst conductor With a ?rst 
portion of a separator assembly; 

covering a second surface of the ?rst conductor With a 
second portion of the separator assembly; and 
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attaching the ?rst and second portions together, at least one 
of the ?rst and second portions including a ?rst sheet and 
a second sheet, the ?rst and second sheets including 
different materials; and 

attaching the ?rst and second sheets together. 
13. The method of manufacturing of claim 12, Wherein 

attaching the ?rst and second sheets comprises heating the 
?rst sheet to cause the ?rst portion to ?oW into a plurality of 
pores of the second sheet and solidifying the ?rst portion 
Within the pores. 

14. The method of manufacturing of claim 12, Wherein the 
?rst sheet includes polypropylene and the second sheet 
includes polytetra?uoroethylene (PTFE). 

15. The method of manufacturing of claim 12, Wherein the 
?rst sheet includes a regular layer having a plurality of ?bers 
arranged in a substantially regular pattern, the ?rst sheet 
further including a random layer having a plurality of ?bers 
that are arranged in a random manner, and further comprising 
providing the random layer betWeen the ?rst conductor and 
the regular layer. 

16. The method of manufacturing of claim 15, further 
comprising abutting the random layer against the ?rst con 
ductor, and providing the regular layer betWeen the random 
layer and the second sheet. 

17. The method of manufacturing of claim 12, further 
comprising extending a ?ange of the second sheet over a 
?ange of the ?rst sheet, and attaching the ?ange of the second 
sheet to the ?ange of the ?rst sheet. 

18. The method of manufacturing of claim 12, further 
comprising substantially simultaneously attaching the ?rst 
sheet to the second sheet and attaching the ?rst portion to the 
second portion. 

19. The method of manufacturing of claim 12, Wherein 
each of the ?rst and second portions includes a respective ?rst 
sheet and a respective second sheet, and further comprising 
layering the ?rst sheet of the second portion directly over the 
second sheet of the second portion and the ?rst sheet of the 
?rst portion. 

20. The method of manufacturing of claim 12, Wherein 
attaching the ?rst and second sheets together comprises 
attaching a periphery of the ?rst sheet to a periphery of the 
second sheet and leaving the ?rst and second sheets free from 
each other at an area spaced apart from the respective periph 
eries. 

21. The method of manufacturing of claim 12, further 
comprising substantially enclosing the ?rst conductor With 
the separator assembly, providing a second conductor on 
opposite sides of the ?rst conductor, and encasing the ?rst and 
second conductors in a case. 

22. The method of manufacturing of claim 21, Wherein the 
?rst conductor is an anode of a capacitor. 

23. A capacitor comprising: 
a case; 

an anode disposed Within the case; 
a cathode disposed Within the case, the cathode having a 

?rst cathode component and a second cathode compo 
nent; 

a separator assembly that substantially encloses the anode, 
the separator assembly disposed betWeen the anode and 
the ?rst and second cathode components, the separator 
assembly including a ?rst portion that covers a ?rst 
surface of the anode and a second portion that covers a 
second surface of the anode, the ?rst and secondportions 
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each including a ?ange, the ?anges extending over each 
other and attached to each other, the ?rst and second 
portions each including a ?rst sheet With a random layer 
and a regular layer, the ?rst and second portions also 
each including a porous sheet that is layered over the 
respective ?rst sheet, the random layer having a plurality 
of ?bers that are arranged in a random manner, the 
regular layer having a plurality of ?bers that are arranged 
in a substantially regular pattern, the porous sheet 
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including a plurality of pores, the random layer of each 
of the ?rst and second portions abutting the anode, the 
regular layer of each of the ?rst and second portions 
being disposed betWeen the respective random layer and 
the respective porous sheet, the random layers being 
?oWed into and solidi?ed in the pores of the ?rst portion 
and in the pores of the second portion. 

* * * * * 


